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The maximum power point tracking (MPPT) has been common terminology 
among the researchers for those who deal with solar energy. A lot of 
techniques involving MPPTs have been investigated, evolved and proposed 
by researchers. But those techniques have got some advantages and suffer 
from limitation to some extent. The gravity of limitations varies from case to 
case. In current work, it has been investigated the MPPT based Boost 
Converter without and with MPPT which is perturb and observe (P&O) type. 
After observing its limitation, this method of MPPT is modified so as to 
make it suitable for extracting the maximum power from PV unit at all 
different load conductance’s. In order to validate this concept, the 
mathematical model is developed using a MATLAB/Simulink environment 
and this Modified MPPT technique is implemented. The whole model is 
simulated and compared with conventional method. This concept is quite 
new and the proposed one exhibits better performance as compared to 
conventional methods. 
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1. INTRODUCTION 

The boost converter is known as a prominent member in family of DC-DC converter having action 
similar to alternating current (AC) transformer (i.e., stepping up input DC voltage) but without any 
intermediate ac stage. The boost converter plays now-a-days an important role in extracting power from solar 
power unit. A photovoltaic (PV) cell is smallest unit of solar power generating unit and its basic 
characteristic (I~V) is mostly non-linear in nature. The modeling of PV cell is presented in [1], [2]. The 
estimation of parameters, which is required for modeling, is presented by authors in [2]. Since the boost 
converter is major component in solar power unit, so its comprehensive reviews are detailed and critically 
investigated [3]. The maximum power point tracking (MPPT) is common phenomenon among researchers in 
the field of solar technologies and the various techniques of MPPT are detailed and compared [4]. In this 
comparison, the positive aspects of each technique and its limitations are included. Out of these techniques, 
though some techniques are simple to implement but they differ from others in terms of complexities of 
implementations and performances. The researchers [5]-[10] have focused on design, simulation and 
implementation of solar photovoltaic system. These researchers focus both standalone load and grid 
connected system for solar PV system. Also the researchers [11] have investigated the issues of power 
quality associated with solar PV system. The application of solar based system associated with DC-DC 
converter is extended to water pumping system [12]. The multilevel inverter for power conditioning in wire 
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distribution system using solar PV system is well documented [13]. The analog multiplier MPPT controller 
of solar PV-based de power supply [14] is proposed for rural and islanded people. For better performances, 
the optimal performance for solar power systems are focused [15]. The comparative analysis for tracking 
maximum power under variable perturbations is demonstrated [16]. In order to have better utility, the 
researchers [17]—[27] have opined the approach of hybrid controller for tracking maximum power and later 
this is extended to microgrid standalone photovoltaic system. 

In current research work, the perturb and observe (P&O) MPPT technique is investigated with 
details and its limitations are pointed out. So, a flow-chart is developed in order to overcome the problem and 
accordingly the MPPT technique is modified. The Simulink block is formulated and the complex logical 
thinking is embedded in state flow block of Simulink and the complete Simulink program is simulated to 
validate the justifications. 


2. ANALYSIS OF PV MODULE 
The mathematical model of PV cell is described by following equations: 
i) The photo current is (1); 


Inn = Use + ki(T — 298)]G/1000 (1) 
ii) The saturation current is (2); 


qEgo(1/Tn-1/T) 


In = Irs (T/T)? exp[————] (2) 
iii) The reverse saturation current is (3); 
hs = 3) 
exp (TN, KP ~1 
iv) The output current is (4); 
T=Ipnn —1a — Ish 
or 
1 = Inn ~ Nplolexp( Sa) — 1) — S282 (4) 
v) The power is (5). 
P=VI= [Ini ~ Nplofexp(Sae) — 1) — (5) 


Where, 

- Iph: photo-current (A), Isc: short-circuit current (A), T: temperature ( degree kelvin) 

- Tn: nominal temperature (degree kelvin) =298, G: solar irradiation (W/m7) 

- q: electron charge (C)=1.6e-19 coulomb, Voc: open-circuit voltage (V) 

- n: Ideality factor of the diode = 1.3, ki: short circuit coefficient of the cell (A/OK) 

- 25 degrees centigrade and at G = 1000 W/m’) = 0.0032, K: Boltzman’s constant = 1.38 e-23 

- Ego: Band gap energy of the semiconductor (eV) =1.1, Ns: number of cells in connected in series of a 

module 

- Np: No of PV modules connected in parallel, Rs: series resistance (Q) 

-  Rsh: shunt resistance (Q) 

- The parameters of a specific PV module are taken into consideration for analysis and investigation. 

- — Isc: 8.21 A, ki: 0.0032, Voc: 32.09, Ns: 54. Np: 1, Rs: 0.22 Q, Rsh: 415.41 Q, G<=1000 W/m?. 

Considering (4) and (5), the current and power curves with respect to voltage for different 

irradiation (1i.e., symbolically represented as ‘G’) are shown in Figure | for a fixed temp. It shows that at a 

fixed temp, the open-circuit voltage (Voc), the short-circuit current (Is-) and peak power (1.e., indicated as 

dashed line) decreases with decrease in irradiation. At same time, it is observed that with significant 

reduction in irradiation, the voltage corresponding to maximum power (Vmp) remains more or less constant. 
In Figure 2 the characteristic of power, current and load conductance (Y=Ipy/Vpy) of PV unit with 

respect to its terminal voltage (Vpy) without MPPT are shown. The load conductance ‘Y’ goes on decreasing 

from maximum towards zero with respect to gradual increase in terminal voltage of the circuit from zero to 
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open-circuit condition (Voc). The load conductance is reciprocal of load resistance. So higher load 
conductance leads to lower load resistance and vice-versa. With reference to peak power, there corresponds 
to current (Imp), voltage (Vmp) and conductance (Ymp). SO Ymp is the load conductance that corresponds to 
maximum power. Between peak power to open-circuit voltage (Voc), the power falls drastically, as the 
conductance is tending towards zero. Similarly, between short-circuit position (i.e. v=0) to voltage 
corresponding to peak power (Vip), there is gradual change in increase of power. 


= T t 


Figure 1. Curves of current and power with of PV unit at different irradiations (i.e.,1000, 500, 200 W/m?), 
but with fixed temperature (T=30 °C), Scale: Ipv(1:10), Vpv (1:1), and Ppv (1:1) 


Ipv---->(A) 
Ppv --->(W) 
Ypv ---->(mho) 


0 5 10 15 20 25 30 40 
Vpv —>(V) 


Figure 2. Curves of current, power and conductance with respect to voltage of PV unit at irradiation 
(G=1000W/m’) and temperature (T=30 °C), Scale: Ipv(1:10), Vpv (1:1), and Y(1:10) 


Out of two regions of Y, one is between Y=0 and Y=Ymp and it is regarded as more or less constant 
current region, where the fall in current in this zone is quite small. Similarly, between region of Y (i.e., Ymp 
to zero), it is regarded as constant voltage region, as the difference between Vmp to Voc is significantly small 
(i.e., fall of voltage is comparatively small). Now there arises question that how dc-dc converter deals with 
such complex I~V characteristic of PV source (i.e. partly constant current source and rest close to constant 
voltage source) to maximize power to load. 

The MPPT concept has been popular among the researchers since more than a decade in order to 
explore the possibility of maximizing power at different load. The researchers have evolved various 
techniques for tracking maximum power [4] and the review paper pertaining to this concept is illustrated. 
Though the various techniques have been evolved for MPPT, the most popular technique is P&OMPPT, 
which is being implemented by a few manufacturers of solar technologies. The findings from this method are 
quite interesting. So. a comparative approach between MPPT and without MPPT is narrated as follows. The 
data available with MPPT and without MPPT are presented in tabular form (Tables 1 and 2) respectively. 
Under without MPPT, the load conductance (Ymp) corresponding to maximum power is 0.294 mho. 

It is observed with MPPT that at different load, the voltage level across the load is increased beyond 
Vmp to raise the power. This raise of power in case of MPPT is more than that of without MPPT beyond Vip 
for same load. On other hand, the power available with MPPT is lesser than that of without MPPT when the 
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Vpy is less than Vimp. The magnification of power in case of MPPT to without MPPT is presented in Table 1. 
On investigation, it is found that during constant current region (i.e., when Vpy<Vimp), the shunt inductor gets 
saturated and unable to boost up the input voltage. Not only that the power delivered under MPPT is less than 
those without MPPT. So, in order to explore maximization of power during this region, a new control 
strategy needs to be developed so that maximization of power is to be achieved under all load conditions (i.e., 
from Vpy=0 to Vpy=Voc)- 

In Table Ithe data pertaining to MPPT and without MPPT are combined together for comparison 
under different load conductances. The magnification of power in case of MPPT with respect to without 
MPPT is approximately equal to 1, when the load conductance ‘Y’ is 0.2 uv. This value of Y at which the ratio 
of power without too with MPPT is unity is treated as Yq; (i.e., known as critical conductance and value 0.2 u 
approx. The value of Y¢r is less than Ymp (i.e., 0.294 v0) which corresponds to maximum power under without 
MPPT. So, when load conductance ‘Y’ is greater than Y«, the power amplification (i.e., ratio of power with 
MPPT to without MPPT) is less than unity. This happens mostly during constant current region of I~V 
characteristic. For Y<=Y.,, the power amplification is either equal to or greater than unity. 


Table 1.Comparison between with and without MPPT 
SINo. Load conductanceY( vu ) | Power with MPPTPol(W) | Power without MPPTPo2(W) _ Magnification=Po1/Po2 


1 0.001 6.78 1.02 6.64 
2 0.010 46.38 10.07 4.60 
3 0.020 83.72 19.98 4.18 
4 0.040 144 39.30 3.66 
5 0.083 150 78.47 1.91 
6 0.200 158 163.1 0.97 
7 0.294 174 194.4 0.89 
8 0.333 172 189.6 0.91 
9 0.400 143 165.8 0.86 
10 0.500 128 133.8 0.96 
11 0.667 84.35 100.6 0.84 


3. CONTROL STRATEGY 

In order to overcome the problem arising out of constant current region of PV module, it is planned 
to avoid MPPT technique during constant current region (i.e., V=0 to Vp) so that maximization power can 
be achieved during entire region of Vpy=0 to Voc, conductance under MPPT and without MPPT. These graphs 
are shown in Figures 3 and 4 respectively, where Ymp)=0.2940 that corresponds to maximum power without 
MPPT. But on comparison, it is observed that at certain load conductance, the power delivered is equal under 
both MPPT and without MPPT and this value of load conductance is known as critical conductance as 
discussed in previous section. So, in order to maximize the power delivered to load under both MPPT and 
without MPPT, the flexibility in control strategy is to be maintained in such a way that MPPT technique is 
modified so that it would extract positive aspects under both with and without MPPT at different load 
conductance’s. Figure 5 (see Appendix) represents the flow chart of modified MPPT. Based upon this figure, 
the simulation model work is developed. 
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Figure 3. Variation of load voltage with load conductance under with and without MPPT 


Optimising power of PV module using modified MPPT for standalone load (Siddhartha Behera) 


1162 O ISSN:2088-8694 


eas : ; WithoutiMPPT ; 
as oe aay ae — betes 
’ : ; reas ; : 


Load Power (P) 


r--¥mp=i 
0.294; 


| i | 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 
Load conductance(Y) ---->(mho) 


Figure 4.Variation of power with load conductance under with and without MPPT 


4. SIMULINK MODEL 

For implementation of control strategy, the complex logical thinking of modified MPPT is put into 
state flow block of Simulink. The complete scheme along with whole control strategy is shown in Figure 6. 
The modified MPPT is based upon P&O method. 


4.1. Simulation result 

For this Modified MPPT is based upon P&O scheme, load conductance (Y)) is considered for 
implementation. The load conductance is compared with its critical value (Yor) and its logical output is 
utilized to decide the operation of MPPT or not. From Figure 4, the critical load conductance Y¢ is found to 
be 0.2 mho (i.e., where power is equal with and without MPPT shown in Figure 4). When the load 
conductance ‘Y’ is less than ‘Y¢,’, the MPPT is activated, whereas for Y>Y <r, the MPPT is disabled to extract 
maximum power. So,for different load conductance’s (i.e., for Y <Ycr and Y>=Yer), the simulation is carried 
out and the result is given in Table 2. The values of load voltage, current and power at different load 
conductance’s are presented in Table 2. 

The data from Table 2 are represented in graphical forms shown in Figure 6. This shows the 
waveforms of load voltage, current and power across load with respect to variation in load conductance under 
Modified MPPT. Figure 7 represents output power variation with various load conductances under the 
concept of modified MPPT. 
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Figure 6. Modified MPPT for PV module for maximization of power using MATLAB 
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Figure 7. Variation of output power with respect to different load conductance’s under modified MPPT 


Table 2. Results from with modified MPPT 
SINo. Load conductance Y(v ) _Vo(V)_ _Io(A) _ Po(W) 


1 0.001 82.43 0.082 6.78 

2 0.010 68.47 0.677 46.38 
3 0.020 64.7 1.294 83.72 
4 0.040 60 2.400 144 

5 0.083 43.8 3.425 150 

6 0.200 28.56 5.712 163.1 
7 0.294 25.71 7.563 194.4 
8 0.333 23.85 7.951 189.6 
9 0.400 20.36 8.144 165.8 
10 0.500 16.36 8.179 133.8 
11 0.667 12.29 8.192 100.6 


5. CONCLUSION 

A new concept of optimizing power from PV module is formulated and successfully implemented 
using MATLAB/ Simulink. Since the PV module possesses a complex I~V characteristic, so it is developed a 
special strategy to deal the situation based upon the requirement. The control strategy is modified in P&O- 
based MPPT so as to explore the maximization of power at different load conductance’s by compromising 
between MPPT and without MPPT. In this modified P&O MPPT, it is required two pairs of voltage and 
current sensors. One pair of voltage and current sensor is to determine the parameter of load conductance, 
whereas other pair of voltage and current sensor is engaged in implementing MPPT. The proposed scheme 
does not need to determine the voltage corresponding to maximum power point, Vmp or conductance 
corresponding to maximum power point, Ymp. Rather it needs determination of critical conductance (Yr), 
which is determined by correlating power vs load conductance from both with and without MPPT method. 
With determination of Yq, it is considered as boundary between activation of MPPT and deactivation of 
MPPT. Though the variation in irradiation is considered here between 300 to 1000 W/m? and temperature 
variation between 30 to 25 degrees centigrade, but significant effect on I~V characteristics is observed during 
change in irradiation. Such a scheme is only applicable where the stabilizing the output voltage is not a 
matter of is concern. The application of such scheme can be extended to water heater, battery charger, dc 
light load and for inhabitants in islanded area. The prevailing scheme provides simple solution whose control 
strategy can be implemented and made compact using internet of things or IOT based technology. 
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Figure 5. Flow-chart of modified MPPT 
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